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Background: Radial anomalies (RA) are considered an important factor for procedural failure.
Information about anatomical variation is limited in our Egyptian population.
Methods: We performed a multicentre prospective study in Egypt. A total of 650 consecutive
patients undergoing their ﬁrst TR coronary procedure were recruited from January 2013 till Jan-
uary 2015. By retrograde radial arteriography we assessed the frequency of RA and their impact
on procedural outcome.
Results: 650 consecutive patients were studied, 74% male, mean (SD) age 55 (10) years. The overall
incidence of radial artery anomaly was 12.6% (n= 82). 40 (6.2%) patients had a high-bifurcating
radial origin, 8 (1.2%) had a full radial loop, 14 (2.1%) had extreme radial artery tortuosity and 20
(3%) had other anomalies such as persistent left subclavian artery and extreme subclavian tortuos-
ity. Overall transradial procedural success was 95%. Procedural failure was more common in
patients with anomalous anatomy (39%) than in patients with normal anatomy (0.2%). Procedural
failure was highest in patients with radial loop (87.5%), followed by those with subclavian
tortuosity (45%), then high radial bifurcation (30%), and severe radial tortuosity (28.5%).
14 (2.1%) vascular complications occurred, all of which were treated conservatively.le: +20
32 A.K.M. Hassan et al.Conclusion: There is a relatively signiﬁcant presence of radial anomalies, with different degrees of
impact on procedural failure rate, in our Egyptian population. Further collaborative studies are rec-
ommended to increase our success rates.
ª 2015 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The history of transradial (TR) approach started in 1989 when
Dr. Lucien Campeau reported the ﬁrst successful TR percuta-
neous diagnostic coronary angiography and in 1993 by Dr.
Ferdinand Kiemeneij for the TR percutaneous coronary inter-
vention (PCI).1,2 The TR approach for PCI has been shown to
markedly decrease vascular complications,3–5 the duration of
hospital stays,6 and decline in healthcare costs7 more than
transfemoral approach.8,9 Although the practice of TR
approach increased worldwide,10 it is still somewhat limited
especially in percutaneous intervention even in the United
States.11–13 This underuse of TR approach may be due to the
technical difﬁculties with TR PCI and relatively high failure
and crossover rates.
Furthermore, difﬁculties of TR catheterization technique
include problems with radial puncture, limitations on catheter
size due to small vascular diameters and the radial arterial
anomalies that are considered as one of the well-known
reasons for procedural failure.12–19 Therefore, we must be
familiar with the frequency of occurrence and patterns of these
anomalies in our locality, and this will help us in the optimiza-
tion of the procedural results. Worldwide there are limited
data on radial artery (RA) anomalies or abnormalities.20 In
this prospective multicenter Egyptian study, we investigated
the frequency of RA anomalies and their impact on procedu-
ral outcome in patients undergoing percutaneous diagnostic
coronary angiography and intervention by using TR
approach.
2. Methods
2.1. Study population and protocol
We performed a multicentre prospective study involving six
tertiary and university afﬁliated centers in Egypt. A total of
650 consecutive patients undergoing their ﬁrst TR coronary
procedure were recruited from January 2013 till January
2015. Only patients undergoing diagnostic angiography and
coronary intervention were enrolled. Procedures were per-
formed or supervised by experienced radial operators (trainers
with a personal experience of >1000 cases, trainees >100
cases). Patients with a previous TR procedure were excluded.
The study protocol was approved by the ethical committee
of Assiut faculty of medicine as the hub of this multicenter
study. An informed consent was obtained from all partici-
pants. The consent form was designed with an explanation
on the purpose and conduction of this research project. This
form was to be explained to each participant. Participation
was only preceded after an informed consent of the partici-
pant. The full text of the form was approved by the Ethical
Review Committee of Assiut faculty of medicine.2.2. Radial artery cannulation
In all cases, we performed RA puncture by a devoted RA can-
nulation needle and guide wire. A short hydrophilic sheath
(11 cm) was inserted and an arterial vasodilator (containing
200–400 mg isosorbide dinitrate and/or 2.5–5.0 mg verapamil)
was given according to local protocols. In addition, heparin
(2500–5000 IU) was given either as part of the vasodilator
cocktail or in the aortic root.
2.3. Retrograde radial arteriography
Before coronary angiography or intervention, a sheath was
inserted under local anesthesia into the right RA and a retro-
grade radial arteriography was performed after administration
of the arterial vasodilator to deﬁne RA anatomy from
mid-radius to radiobrachial anastomosis. A solution of 3 ml
of contrast mixed with 7 ml of blood (to dilute the contrast
and minimize any discomfort from contrast injection) was
injected from the side arm of the inserted sheath into the right
RA. To visualize the entire RA, angiogram was obtained in an
anteroposterior projection. If a high-bifurcating radial origin
was identiﬁed, a further arteriogram was obtained higher up
the arm to identify the point of anastomosis to the brachial
artery.21
2.4. Transradial coronary procedures
As all patients should underwent retrograde radial arteriogra-
phy before coronary catheterization, in patients who had a
failed TR puncture, the operator must try the contralateral
RA and ipsilateral ulnar artery or must use the transfemoral
approach. The arterial sheath was removed immediately after
completion of the TR procedure and hemostasis achieved
using a unilateral radial compression system (TR Band; Ter-
umo Medical, Tokyo, Japan, or manual compression with a
bandage).
2.5. Classiﬁcations and deﬁnitions
Upper limb arterial anatomical patterns including RA for TR
cardiac catheterization were classiﬁed according to the
angiographic features using a modiﬁcation of McCormack’s,
Uglietta’s and Rodriguez-Niedenfuhr’s deﬁnitions.21–24 The
reference anatomical line for origin derived anomalies was
the intercondylar line of the humerus, because it is a ﬁxed line
representing the proximal border of the antecubital fossa.
Bifurcation of the brachial artery into radial and ulnar arteries
proximal to this line is considered a variant pattern. Bifurca-
tion at a higher level was considered as one kind of origin
derived anomalies. Accordingly, it was subclassiﬁed into lower
third of humerus, middle third of humerus, upper third of
Table 1 Baseline clinical characteristics of the patients.
Clinical characteristics 650 Patients no (%)
Age (years), mean (SD) (range) 55.7 (10.2) (21–83)
Male:female 481:169 (74:26%)
Risk factors
Hypertension 348 (53.5%)
Diabetes 207 (31.8%)
Diabetes on insulin 44 (6.7%)
Smoker 294 (45.2%)
Peripheral vascular disease 26 (4%)
Hyperlipidemia 103 (15.8%)
Prior heart failure 6 (0.9%)
Prior stroke 3 (0.5%)
Prior MI 145 (22.3%)
Prior PCI 21 (3.2%)
Previous cardiac surgery 12 (1.8%)
EF (%), mean (SD) (range) 55.98 (9.2) (27–85)
EF < 35% 6 (0.9%)
Results are shown as number (%) unless stated otherwise. EF: left
ventricular ejection fraction, PCI: percutaneous coronary inter-
vention, and MI: myocardial infarction.
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the main vessel brachial or axillary.21
High-bifurcating RA caliber was also classiﬁed into the fol-
lowing classes by visual comparison with the arterial sheath:
2.0 mm, 2.0–2.5 mm, 2.5–3.0 mm and 3.0 mm or more.21
A RA loop was deﬁned as an anomaly in which the proxi-
mal part of RA turns a full 360 loop distal to the bifurcation
of the brachial artery.21
Extreme radial tortuosity was deﬁned as angulation more
than 45–90 along the vessel. Presence of tortuosity of
360 was deﬁned as a ‘‘loop’’. ‘‘Other’’ anomaly group includes
any anatomical variations that did not attach to the previous
speciﬁed categories.
The time from when the patient entered and to when they
left the catheterization laboratory was deﬁned as procedural
duration.
Completion of the planned procedure by the initially
selected successful TR approach was deﬁned as procedural
success.
Minor vascular complications included hematoma <5 cm,
pseudoaneurysm, vessel dissection without ensuing ischemia
and localized infection.21
Major vascular complications included hematoma >5 cm,
any access site complications that resulted in surgical or radi-
ological intervention, acute decline in hemoglobin >30 g/l due
to access site bleeding, bleeding requiring transfusion, limb
ischemia and/or compartment syndrome.21
2.6. Data collection
Patient demographics, procedural data and radial arteriogra-
phy ﬁndings with speciﬁc details of any anomalies and local
vascular complications were collected in each center on a
speciﬁcally written data sheet.
2.7. Statistical analysis
Statistical analysis was performed using SPSS 16.0 for
Windows. Categorical data were presented as absolute values
and percentages, whereas continuous data were presented as
mean (SD). The nature of distribution of the data was
determined using a one-sample Kolmogorov–Smirnov test. A
Student’s t test and Mann–Whitney U test were used to
compare continuous data, as appropriate. Categorical data
were compared using the x2 test with the appropriate degree
of freedom. A p value <0.05 was considered to be signiﬁcant.
3. Results
3.1. Patients and procedural characteristics
A total of 650 patients were studied with age
55.7 ± 10.2 years and 481 (74%) of our patient population
were males. Tables 1 and 2 summarize baseline patient and
procedural data. Diagnostic coronary angiography was per-
formed in 67.4%. Most procedures were attempted via the
right RA and over 95% of procedures were performed using
6F sheaths and catheters. TR procedural success was 95%
with 3.2% of patients requiring femoral access for procedure
completion.3.2. Radial artery anatomy and procedural outcome
Retrograde radial arteriography was obtained in 650 patients.
Anomalies were noted in 82 (12.6%) patients. Radial puncture
failure as the ﬁrst attempt was experienced in 21 (3.2%)
patients; however 9 cases resolved by subcutaneous injection
of nitrates and waiting for 5 min. The remaining 12 patients
crossed over to ipsilateral ulnar (9 patients) or to the contralat-
eral RA (3 patients).
3.3. Normal radial artery anatomy
Normal RA anatomy was present in 568 patients (87.4%)
(Table 2). Procedural failure was observed in only 1 patient
(0.2%).
3.4. Radial anomalies
Table 3 and Fig. 1 summarize the anomaly types and associ-
ated failure rates.
3.4.1. High-bifurcating radial origin
This was the most common radial anomaly (Fig. 1) seen in 40
patients with an incidence of 48.8% of all patients with radial
anomalies. The origin of the majority of these vessels (44%)
was at the level of mid-humerus. In addition, they were small
caliber with over 85% being <3 mm in diameter (Fig. 2).
A high-bifurcating RA was associated with a high incidence
of procedure failure (12/40 patients; 30%). Remaining 28
patients with anomalous vessels were of small caliber with
more spasm and required the use of 5F TIGER 4.0 catheters
with hydrophilic wires to complete the procedure (Table 3).
3.4.2. Radial artery loop
A RA loop was seen in 8 patients (9.8%). It mostly involved
the proximal RA just below the brachial bifurcation. A recur-
Table 2 Baseline procedural characteristics of the study
population.
Procedural characteristics 650 Patients no (%)
Types of procedure
Diagnostic angiography 438 (67.4%)
Elective PCI 134 (20.6%)
Ad hoc PCI 77 (12%)
Procedural characteristics
Access attempted right radial:left radial 588:62
RA puncture failure as the ﬁrst attempt 21 (3.2%)
Procedural success 617 (95%)
Crossover to other RA 3 (0.5%)
Crossover to ulnar art 9 (1.4%)
Crossover to femoral 21 (3.2%)
Sheath gauge 5F:6F:7F 29:611:0
Procedure duration (min), mean (SD)
Diagnostic angiography 26.7 (11)
Elective PCI 43.2 (16.6)
Ad hoc PCI 51.6 (24)
Fluoroscopy time (min), mean (SD)
Diagnostic angiography 10 (6)
Elective PCI 22.3 (10)
Ad hoc PCI 24.6 (8)
Contrast amount (ml), mean (SD)
Diagnostic angiography 60.16 (19.29)
Elective PCI 277.72 (102.25)
Ad hoc PCI 257.77 (81.51)
Vascular complications
Minor 14
Major 1a
Results are shown as number (%) unless stated otherwise.
PCI, percutaneous coronary intervention.
a Forearm hematoma >5 cm.
Table 3 Patients with radial anomalies and causes of proce-
dural failure.
Causes procedural failure 82 pts with
radial anomaly
33 pts with
procedural failure
RA anomalies
High bifurcation RA 40 (48.8%) 12 (36.4%)
RA loop 8 (9.8%) 7 (21.2%)
Tortuous RA 14 (17.1%) 4 (12.1%)
Tortuous subclavian art. 19 (23.2%) 8 (24.2%)
Persistent Lt subclavian art. 1 (1.2%) 1 (3%)
Sever pain and discomfort 0 1 (3%)
Art. = artery; RA= Radial artery; pts = patients; Lt = left.
Figure 1 Types of radial anomaly and their rates of procedural
failure.
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cases, which was of small caliber and invariably, assumed a
straight path into the upper arm. The presence of a radial loop
was associated with a high procedural failure rate with 7 out of
the 8 procedures (87.5%) failing to complete the procedure. In
some patients wire passed via the recurrent RA, although it is
not recommended and may lead to arterial rupture, but the
operator succeeded to cannulate the right coronary artery
(RCA) but severe irreversible spasm resulted in changing to
femoral approach to cannulate the left coronary artery
(LCA). In one patient, the loop was negotiated by a 0.014
BMW guide wire and succeeded to pass into brachial artery
with a single 5F Tiger 4.5 catheter to cannulate both coronary
arteries (Table 3).
3.4.3. Extreme radial artery tortuosity
Extreme RA tortuosity (Fig. 1, Table 3) was seen in 14 patients
(17.1%). The presence of extreme radial tortuosity was also
associated with a high procedural failure rate with 4 failures
(28.5%).
3.4.4. Other anomalies
Various other anomalies were present in 20 patients, giving an
overall incidence of 24.4%. Most of them were tortuous sub-
clavian artery (Table 3). The procedure was completed in 11
patients of them. In one patient, there was persistent leftsubclavian artery (or retroesophageal subclavian artery also
known as Arteria lusoria) that makes cannulation of coronary
ostia not possible and crossover to femoral approach. 8
patients had extreme subclavian tortuosity that could not be
solved and need to crossover to femoral approach.
The eleven successful cases, showed subclavian tortuosity
that was crossed by hydrophilic guide wire and the procedure
was fruitfully completed. One of these 11 cases, had an
aneurysmal ascending aorta on top of tortuous subclavian
artery; however, the procedure was proﬁtably completed. We
did not have any case of radial atherosclerosis. Patients with
minor anatomical variations (such as anomalous additional
vessels and minor bifurcation variations) were not presented.
These had no clinical signiﬁcance since all cases were com-
pleted via the chosen radial access site.
3.5. Vascular complications
No patients had bleeding requiring transfusion or surgical
intervention. Access site vascular complications were observed
in 15 patients (2.3%) and all were treated conservatively. These
complications were small hematoma in 14 cases and RA
dissection in single case with large hematoma. This patient
with large hematoma up to the elbow joint but with intact
radial pulsation was successfully treated with customized
compression and arm elevation for 1 week without evidence
of compartment syndrome or hand ischemia.
Figure 2 High-bifurcating radial artery: anastomosis sites and
diameters.
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Up to our knowledge, this is the ﬁrst large multicenter Egyptian
study presenting the radial anomalies and its impact on the TR
approach in six tertiary and university afﬁliated centers.
The incidence of TR procedures technical failure is about
1–5%.25–28 The commonest causes of this failure are inability
to puncture, artery spasm and anatomical abnormalities.19,21,29
The upper limb arterial anomalies were reported by many
autopsy studies with frequency of 4–18.5%.22,23,30 Some stud-
ies made comparison between the rate of procedural failure of
normal and abnormal RA patients during percutaneous coro-
nary angiography and intervention and found that these
anomalies have a signiﬁcantly higher rate of procedural failure
than in patients with no anomaly.14–18,21,31 On the other hand,
not all radial arterial anomalies resulted in procedural failure
or vascular complications. So detection of the patient’s radial
arterial anomaly may help in reduction of serious periprocedu-
ral complications. Despite the clinical importance of knowing
the incidence of the RA anomalies, still information about
anatomical variation is limited in our Egyptian population.
In our study, a total of 82 (12.6%) patients out of 650
patients with radial arterial anomalies were observed, includ-
ing 40 (6.2%) patients with a high-bifurcating radial origin,
8 patients (1.2%) who had a full radial loop, 14 patients
(2.1%) who had extreme radial artery tortuosity and 20
patients (3%) who had various other anomalies eg, persistent
left subclavian artery, extreme subclavian tortuosity and ananeurysmal ascending aorta on top of tortuous subclavian
artery. Despite the high success rate of retrograde radial arte-
riography in our population (95%), the high procedural failure
rate was observed in patients with radial arterial anomalies
(32/82; 39%) more than in normal patients (1/568; 0.2%). Pro-
cedural failure was highest in patients with radial loop
(87.5%), followed by those with other anomalies including
subclavian tortuosity (45%), then high radial bifurcation
(30%), and severe radial tortuosity (28.5%). In accordance
with previous report by Louvard and Lefevre20 and
Yokoyama et al.32, the TR approach in coronary intervention
was considered difﬁcult in cases of radio-ulnar loop anomalies.
In our study, 6.2% of our study population had a high-
bifurcating radial origin. This abnormal origin is regarded as
the most common radial anomaly in other reports.21,33 High
radial bifurcation anomaly is an important anomaly for TR
approach as it contributes to a high rate of procedural failure
ranging from 3.2 to 4.6% of cases.19,21,29,33
The incidence of high radial bifurcation in 1191 Korean
patients was 2.4% as reported by Yoo et al.31 while in 3000
Chinese patients it was 7.7%18 in accordance with our study
(6.2%). However, it is considered lower than other studies’
incidence like in the study of Valsecchi et al.33 where the inci-
dence was 8.3%. In an autopsy study, the incidence reached up
to 14%.28
The incidence of a RA loop in our study comes in agreement
with other studies.15–18,21 RA loop is the second commonest
cause of procedure failure for experienced radial operators,20
in accordance with our study where 87.5% of patients with
radial loop anomalies had a procedural failure. A full 360 loop
increased the risk of dissection or perforation. But we can over-
come the technical difﬁculty by using either a hydrophilic or an
angioplasty wire in minimal angles of radial arterial loops and
then straightened by a 5F JR4 conﬁguration diagnostic catheter
or the balloon-assisted tracking technique.19
However this technique can result in more spasm and pain,
which make more difﬁcult subsequent catheter manipulation
and advancement.19,21,29
The impact of abnormal origin with high bifurcation on
procedural failure in the present study was lower than that
of other anomalies. This low impact on procedure failure
may be explained by the use of 5F equipment and/or a hydro-
philic wire in these patients for procedure completion.
Extreme RA tortuosity was another anomaly with signiﬁ-
cant procedure failure rate (28.5%). In our study, there was
a low incidence of extreme tortuosity (2.1%), in comparison
with other studies where the incidence varies from 3.8%,
4.2% to 5.2%.21,31–33
Other anomalies accounted for 3% of our patients included
mostly extreme subclavian tortuosity, a rarity of persistent left
subclavian artery and aneurysm of ascending aorta on top of
tortuous subclavian artery. These anatomical variations
resulted in a high procedural failure rate (45%) in accordance
with other studies.19,21,29,31
Persistent left subclavian artery or retroesophageal
subclavian artery is also known as Arteria lusoria. It is the
most common congenital aberrancy of the right subclavian
artery characterized topographically as follows: The artery
originates distal to the left subclavian artery as the fourth
main branch of the aortic arch and turns to the right behind
the esophagus, in front of vertebral column. The incidence
in the literature varies from 0.2% to 1.7%.19
36 A.K.M. Hassan et al.In our study, we reported a high rate of procedural failure
in patients with radial anomalies and alternative techniques,
and strategies to decrease this rate of procedural failure are
recommended including the use of an angioplasty wire29 or
the balloon-assisted tracking technique.19
5. Conclusion
There is a relatively signiﬁcant presence of radial anomalies,
with different degrees of impact on procedural failure rate,
in our Egyptian population. Further collaborative studies are
recommended to increase our experience and success rates.
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